193 nm Laser Photoionization and Photodissociation for Isomer Differentiation in Fourier-Transform Mass Spectrometry  by Williams, Evan R. & McLafferty, Fred W.
193 nm Laser Photoionization and 
Photodissociation for Isomer Differentiation 
in Fourier-Transform Mass Spectrometry 
Evan R. Williams and Fred W. McLafferty 
Chemistry Department, Baker Laboratory, Cornell University, Ithaca, New York, USA 
Energetic (6.4 eV) multiphoton ionization (MPI) or photodissociation, effected interchange- 
ably in a Fourier-transform mass spectrometer, can differentiate isomers that yield similar 
electron ionization spectra. Selectivity is shown for isomers of C,Ha, CrHpN, C,H,F, CsHlo, 
but not of GHsCls and CIaHls. The contrasting Ml’1 fragmentations and ionization efficien- 
cies, as well as high sensitivities, are of substantial analytical utility. The high ionization 
efficiency makes possible high resolution MPI spectra, such as 470,000 (FWHH) for the 
molecular ion of anthracene, from a single laser pulse. (1 Am Sot Mass Spectrom 1990, 1, 
362-365) 
P romising applications of lasers to mass spectrom- etry [l] include multiphoton ionization (MPI) and ion photodissociation. This article describes 
complementary analytical applications for both of 
these using a 193 run ArF laser with Fourier trans- 
form mass spectrometry (FTMS). Multiphoton ioniza- 
tion has been used extensively for probing the struc- 
ture of gas phase molecules [l-5]. Using a wavelength 
in resonance with an accessible electronic state of the 
molecule can give high isomeric or even isotopic selec- 
tivity [l-12]. Such ionization efficiencies can approach 
100% [4] as absorption of the second photon causes 
excitation to the continuum of preionization states. 
The internal energy of the molecular ion thus pro- 
duced is often below the dissociation limit, making 
resonant two-photon ionization an efficient method 
for producing stable molecular ions. Metastable dis- 
sociations, resulting from photoexcitation to energies 
just above the dissociation barrier, can enhance differ- 
ences in MPI mass spectra of isomers 16, 71; for this 
the greater-than-millisecond lifetimes of FTMS can be 
advantageous. Subsequent absorption of one or more 
additional photons produces higher energy ion disso- 
ciation, so that adjusting the power density or wave- 
length of the laser controls the extent of fragmentation 
and thus the utility of the resulting structural informa- 
tion, Power densities necessary for efficient MI’1 are 
best achieved with pulsed lasers; because obtaining a 
complete mass spectrum from a single laser pulse re- 
quires multichannel recording, MPI is typically used 
with time-of-flight mass spectrometry (TOFMS) [2-121 
and, more recently, ion trap mass spectrometry [13] 
and FTMS [ 14-161. Fourier-transform mass spectrom- 
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etry has the advantages of much higher resolution 
and unusual capabilities for tandem mass spectrome- 
try (MS/MS) [17-201. For example, using 266 nm pho- 
tons, Carlin and Freiser [15] demonstrated the selectiv- 
ity of MPIlFTMS for a variety of compounds absorbing 
at this wavelength, such as the high (21,000) resolution 
MPI spectrum of azulene. Sack et al. [16] demonstrated 
-5 ppm mass measuring accuracy and a resolution of 
87,000 for gas chromatography/Ml’1 FTMS of naphtha- 
lene. Sherman et al. [18] showed that 248 run MPI can 
give ionization efficiencies thirty-five times that of elec- 
tron ionization (EI). 
For FTMSIMS, photodissociation is an attractive al- 
ternative to collisionally activated dissociation because 
this method is more compatible with the FTMS low 
pressure requirements for high resolution and sensi- 
tivity [ 19-211. Infrared or visible wavelength photodis- 
sociation is useful for isomeric differentiation, but this 
produces only fragmentations of low activation ener- 
gies [22, 231. Photodissociation using the 193 run ArF 
excimer laser offers the advantage that its 6.42 eV pho- 
tons have sufficient energy for most structurally useful 
ion dissociation [24]; with these using FTMS, Bowers 
et al. [25] found ion dissociation efficiencies of up to 
60%, and also demonstrated MS/MS/MS. Hunt et al. 
[26] have shown that this technique is applicable to 
larger (up to m/z 3100) ions, such as those from pep- 
tides. 
A recent report of similar results [27] utilizes an 
FTMS experimental configuration permiting the 193 
run laser to be used conveniently for either or both 
MPI and photodissociation (efficiencies approaching 
lOO%), as well as for desorption ionization. We report 
here that the use of 193 ran photons for MI’1 as well 
as for photodissociation appears to offer advantages 
of selectivity, sensitivity, and flexibility for isomer dif- 
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Figure 1. Schematic of photoionizationlphotodissociation FTMS 
instrument. 
ferentiation even without the use of a tunable laser or 
supersonic sample cooling [lo]. 
Experimental 
The prototype dual-cell Nicolet FTMS-2000 (Figure 1) 
was operated at 2.86 T magnetic field and 3 V trapping 
potential, with 3X data-point spectra. The 193 nm 
photons were provided by a Lambda Physik model 101 
ArF excimer laser for the high power spectra (-5 x lo7 
watts/cm2) shown (Figures 2-4) or a Lumonics se- 
ries TE-861s excimer laser for the low power spectra 
(-5 x 106 watts/cm2), with energies of 30 and 3 mJ, re- 
spectively, per 14 ns pulse focused to a -1 x 5 mm* 
spot at the ion cell entrance. The light reached cell A 
through an MgF2 window in a hollow probe (also used 
for backside laser desorption) [27] terminated by a 2- 
mm hole aligned to minimize light strikiig the Z-mm 
conductance limit between cells. Cell B was used for 
both sample introduction (~2 x lop7 torr) and analy- 
sis in the single cell mode [28] for greater ion yield. A 
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Figure 2. Acetophenone spectra: (top} ET, (middle) MPI, and 
(bottom) photodissociation of the El molecular ion. Numerical 
values are ionization and appearance energies [29]; GH: value 
is that for benzene. 
1 
,o 
Figure 3. Ml’1 spectra: (top) toluene and (bottom) cyclohepta- 
triene. Insets: corresponding EI spectra. 
background spectrum, including that from light strik- 
ing the cell, was subtracted from the measured spec- 
trum. Higher resolution spectra were measured in cell 
A (-2 x lo-” torr) after momentarily dropping the 
conductance limit potential to zero to allow ions to pass 
between the two cells [29]. Long (10 ms) ion transfer 
times resulted in complete signa loss due to misalign- 
ment of the laser with the magnetic field lines; the 
transfer times of 60-300 ps used have the disadvantage 
that ion transfer was mass dependent. The CrdHta MPI 
spectra were measured in an elongated cell [30, 311 
made by removing the conductance limit and connect- 
ing the corresponding excite and receive plates of cells 
A and B; the probe-end light restrictor was increased to 
a &mm diameter, increasing the photon flux in the cell 
Figure 4. MPI spectra: (top) cr-fluorotoluene and (bottom) p 
fluorotoluene. Insets: corresponding EI spectra. 
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Table 1. EI, MPI, and photodissociation spectra of o-toluidine and N-methyl 
aniline 
m/z 
o-Toluidine N-methylaniline 
El MPI PD El MPI PD 
107 64. 29. 
106 100. 52. 
92 <0.2 <0.2 
91 5.7 2.0 
89 7.8 7.0 
80 4.9 7.9 
79 21. 4.7 
77 22. 100. 
65 2.3 7.7 
63 3.8 12. 
55 4.7 co.2 
51 9.2 24. 
50 6.7 22. 
49 0.9 12. 
41 4.9 4.8 
39 12. 69. 
36 41. 
28 2.8 40. 
27 4.9 51. 
100. 
<I 
1.2 
<I 
5.1 
34. 
<l 
4.6 
3.9 
<l 
7.5 
<I 
<l 
5.6 
24. 
<l 
3.4 
5.1 
67. 
100. 
2.4 
1.5 
<0.2 
3.2 
49. 
35. 
13. 
7.7 
13. 
26. 
15. 
1.7 
10. 
28. 
6.0 
6.6 
43. 
100. 
3.5 
1.5 
<0.2 
<0.2 
3.4 
63. 
19. 
9.2 
<0.2 
51. 
44. 
22. 
10.2 
91. 
99. 
11. 
16. 
61. 
<5 
10. 
<5 
<5 
76. 
<5 
41. 
15. 
30. 
95. 
46. 
<5 
<5 
100. 
<5 
<5 
30. 
Abbreviations: El = electron ionization: MPI = multiphoton ionization; PD = photodissociation. 
four-photon process [5] is the base peek in each of 
the spectra, with smaller isomeric differences in abun- 
dance of m/z 65, 77, and 91 formed by three, three, and 
two photons, respectively. 
C&C!, isomers. The EI spectra of 1,2,5-trichioroben- 
zene and 1,2,4-trichlorobenzene are indistinguishable, 
as are their MPI spectra. Loss of Cl,, the most abun- 
dant fragmentation pathway in the El spectrum, does 
not appear in the MPI spectrum, whose most abun- 
dant peak represents the higher energy loss of I-ICI;. 
C&Ii0 isomers. The 193 run Ml’1 spectra of an- 
thracene, phenanthrene (Figure 5), and diphenylace- 
tylene are poorly distinguishable and similar to their EI 
spectra in exhibiting little fragmentation. The 12.8 eV 
of two photons is substantially below the appearance 
potentials for C14Ha*. (-17.4 eV) and CizHa+ (16.1 
eV for diphenylacetylene). Similar results were re- 
ported for MPI spectra using 266 and 275 - 290 nm [4], 
consistent with M+ ion isomerization to a common 
structure [36], although 100-fold MI’1 discrimination of 
anthracene and phenanthracene can be achieved using 
resonant absorption at 310 and 285 nm, respectively, 
of the first photon [37]. 
However, for these isomers 193 nm MI’1 did show 
a distinct asset. The relative ion yield using low laser 
power is -50 times that of EI. Figure 5 compares 
the spectrum of phenanthracene from a 5-ms electron 
beam with that from a single 14-ns laser pulse. The 
lack of N: or 0: in the MPI spectrum is due to their 
relatively poor absorption at this wavelength. Multi- 
ple laser shots produced little additional fragmenta- 
tion; the low cross section for ion absorption, relative 
Table 2. EI and low power MI’1 spectra of o-, m-, and p-xylenea 
El MPI 
m/z 0 m P 0 m P 
106 35. 36. 37. 14. 19. 22. 
105 11. 11. 14. 3.7 4.7 4.9 
91 100. 100. 100. 100. 100. 100. 
77 13. 12. 12. 20. 45. 21. 
65 10. 8.6 8.3 20. 19. 12. 
51 9.9 8.5 11. 1.8 3.0 1.7 
39 12. 12. 11. 3.1 4.6 3.0 
a Standard deviation < 1.5. 
Abbrewations: See Table 1. 
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Figure 5. Single measurement of phenanthrene (5 x 10m9 torr) 
by (top) El (5-ms beam) and (bottom) MPI (14 ns pulse). Inset: 
molecular ion with 470K (FWHH) resolution. 
to that of the neutral molecule, makes possible much 
higher efficiency of M+’ production with increased 
power densities. A single laser shot produces suffi- 
cient anthracene molecular ions to obtain a resolution 
of 470,000, even without making the measurement on 
the low,pressure side of a dual cell configuration. 
Conclusions 
Although 193 nm photons are too energetic to show 
large isomeric differences in the absorptivity of a sin- 
gle photon with small wavelength variations, their Ml?1 
and photodissociation spectra can be used to diiferen- 
tiate isomers that have similar EI spectra. Selectivity 
is observed in relative ionization efficiencies and frag- 
mentation pathways, with the latter favored whose AP 
values are a little lower than the energies of the ab- 
sorbed photons. The FTMS experimental configuration 
optimizes the sensitivity for photodissociation of ions 
produced by MPI as well as desorption ionization [27]. 
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